INTRODUCTION
Intensivists are physicians who specialize in the care of critically ill patients and who direct and provide critical care in an intensive care unit (ICU) [1] . In the past, many ICUs used the open ICU model in which patients were cared for by their primary care physician. In the 2000s, as the positive impact of a qualified intensivist on the outcome of ICU patients became recognized [2] , many hospitals adopted a high-intensity or closed ICU model in which patients are directed exclusively by an intensivist [1, 3] . For surgical ICUs, there are several published reports suggesting improved outcomes in patients managed by an intensivist [4] [5] [6] [7] [8] [9] .
Despite these positive impacts, high-intensity ICUs managed by intensivists are not common in many hospitals, especially in surgical ICUs or in countries with limited medical resources [10, 11] . Moreover, a recent large-scale study reported that hospital mortality was higher for patients managed by an intensivist than for those who were not [12] . The author speculated that this might reflect a disruption in management and a greater likelihood of miscommunication between the intensivist and primary physician [12] .
In this study, by comparing the periods before and after a surgical ICU came under the direction of a surgical intensivist certified in both general surgery and critical care medicine, we evaluated the association between an intensivist-directed surgical ICU and clinical outcomes of admitted patients.
METHODS

Study design
This study was a retrospective cohort study designed to evaluate the effect of intensivist-directed care on ICU mortality and clinical outcomes in a surgical ICU at a cancer center of a university teaching hospital. The Institutional Review Board at Samsung Medical Center approved the study protocol.
Samsung Medical Center is a Sungkyunkwan University School of Medicine teaching hospital with 1,951 beds, located in Seoul, Korea. The Samsung Conprehensive Cancer Center is part of the Samsung Medical Center and was newly established in January 2008. The surgical ICU in this cancer center is a 13-bed unit. Most patients are surgical patients that are admitted to the ICU following scheduled or unscheduled surgery. Postoperative patients that present with surgical complications or other medical problems are also admitted from the general wards or emergency room. Although this surgical ICU is located in the cancer center, a small number of non-oncology patients are also admitted.
When the cancer center was opened, the surgical ICU used an open ICU model. There was no critical care team, and the primary admitting surgeon and residents directly managed the patients with specialist consultation. In April 2009, the hospital decided to adopt the intensivist-directed ICU model, and the surgical ICU was gradually converted to an intensivistdirected ICU with completion in 2010, after which patients admitted to the surgical ICU were exclusively cared for by the surgical intensivist. This surgical intensivist was a surgeon who was board certified in both general surgery and critical care medicine. The surgical intensivist stayed in the ICU for more than 10 hours per day during every weekday and had no other clinical duties and took call overnight from home, returning to the ICU at their discretion. Daily rounds were performed by the surgical intensivist and the ICU team, which consisted of senior surgical residents and critical care nurses. Nurses were assigned to patients on a 1 : 2 or 1 : 3 ratio and worked 8-hour shifts; this nursing system was the same before and after conversion. After conversion to an intensivist-directed ICU, many practical protocols were implemented, such as sepsis management, lung protective ventilation, weaning protocol, sedation protocol, massive transfusion, and enteral and parenteral nutrition protocols. All were evidence-based protocols based on guidelines used worldwide. Although admission, discharge, procedure, and orders were mainly decided by the surgical intensivist and the ICU team, the intensivist usually communicated and discussed the treatment plan of the patients with primary surgeons at least once a day. Except for these changes implemented by the intensivist, there were no fundamental changes in the surgical ICU during the study duration.
Study populations
We compared patients admitted during two distinct phases: between January 2008 and December 2008, before implementing an intensivist-directed ICU model, and between January 2010 and December 2010, after complete conversion to an intensivist-directed ICU. We allowed a gradual transition period of one year to adopt the required changes.
Consecutive adult patients admitted to the surgical ICU during the two distinct phases were included in this study. The inclusion criteria were adult surgical patients older than 18 years who were admitted to the general surgical ICU for more than 48 hours during the study duration. We excluded patients who were admitted to the ICU for less than 48 hours because most of these patients were admitted not for intensive care, but for close monitoring of immediate postoperative complications. However, we included patients who died within 48 hours after ICU admission. Neurosurgery patients or thoracic surgery patients were not involved in this study because the thoracic and neurosurgical ICUs were separate from the surgical ICU. The total study population included 188 patients who were admitted before implementing an intensivist-directed ICU and 253 patients who were admitted after implementation.
Data collection
The following clinical data were retrospectively obtained from a prospectively collected ICU database and chart review: age, sex, main reason for ICU admission, hospital length of stay (LOS), ICU LOS, presence of cancer, comorbidity, duration of mechanical ventilation, and readmission to the surgical ICU during current hospital admission. Patients were followed until 90 days after ICU admission or death. To compare severity among patients admitted to the ICU, Acute Physiology and Chronic Health Evaluation (APACHE) II scores were calculated and compared.
Statistical analysis
The primary outcome was ICU mortality. The secondary outcomes were hospital and 90-day mortality, ICU-free days, ventilator-free days, and ICU re-admission. ICU mortality was defined as all deaths in the surgical ICU during the current hospitalization. Ventilator-free days were defined as the number of days between successful weaning from mechanical ventilation and day 28 after ICU admission [13] . ICU-free days were also defined as the number of days between ICU discharge and day 28 after ICU admission.
These variables were compared between the two phases before and after implementation of the intensivist-directed ICU (years 2008 and 2010). Categorical data were compared using a chi-square test or Fisher exact test. Continuous variables were compared with independent t-test or Mann-Whitney test, using two-sided testing. A P-value < 0.05 was considered significant. The cumulative 90-day survival rate was obtained by the Kaplan-Meier method, and statistical significance was analyzed by the log-rank test. The effect of the intensivist on ICU, hospital, and 90-day mortalities was estimated using the Cox regression model with adjustment for the following clinically suspected variables: sex, comorbidity, presence of cancer, APACHE II score, unplanned admission, mechanical ventilation, and renal replacement therapy. Corresponding hazard ratio (HR) and 95% confidence intervals (CIs) were reported. All analyses were conducted using PASW ver. 18.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
Clinical characteristics
A total of 441 patients were enrolled in this study, 188 before implementing an intensivist-directed ICU and 253 after implementation. Baseline clinical characteristics are shown in Table 1 .
The clinical characteristics including age, sex, and presence of oncologic disease were not different between the two periods. The cause of admission and location before admission were also not different. According to the operative data, operative time and estimated blood loss were not different between the two periods. The numbers of patients who received mechanical ventilation or continuous renal replacement therapy were not different between the periods. Mean APACHE II score was not statistically different between the two periods (14.5 ± 6.7 vs. 15.2 ± 7.8, P = 0.310).
Clinical outcomes
ICU mortality, the primary outcome of this study, decreased from 11.7% to 6.3% (P = 0.047) after implementing an intensivist-directed ICU ( Table 2 ). The 90-day mortality decreased significantly from 18.6% to 10.3% (P = 0.012) ( Values are presented as mean ± standard deviation, number (%) or median (interquartile range).
APACHE, Acute Physiology and Chronic Health Evaluation; ICU, intensive care unit; EBL, estimated blood loss; LOS, length of stay.
1), and hospital mortality also decreased from 14.9% to 9.9%, although the change was not significant. The ICU-free days was significantly longer (P = 0.013) and the hospital LOS was significantly shorter (P = 0.032) after implementing the intensivist-directed ICU. Thirty patients (16.0%) were readmitted to the surgical ICU during the admission period before implementation of the intensivist-directed ICU, whereas only 25 patients (9.9%) were readmitted after implementation (P = 0.05). There was no significant difference in the number of ventilator-free days between the two groups (P = 0.203) ( Table  2) . On Cox regression analysis, the unadjusted HR of intensivist for ICU mortality was 0.52 (95% CI, 0.27-1.04; P = 0.064) and adjusted HR was 0.43 (95% CI, 0.22-0.87, P = 0.020). The adjusted HR for 90-day mortality was 0.39 (95% CI, 0.23-0.67, P = 0.001), and the adjusted HR for hospital mortality was 0.60 (95% CI, 0.34-1.09, P = 0.095) ( Table 3 ).
DISCUSSION
In this study, we compared the clinical outcomes between the periods before and after implementing an intensivistdirected ICU in a cancer center surgical ICU. The main finding of this study is that implementing an intensivist-directed ICU was associated with significantly lower ICU mortality. There was also a significant decrease in 90-day mortality after implementation, and hospital mortality tended to decrease, although the change was not significant. Although there was no statistically significance in univariate analysis, multivariate analysis showed that the intensivist was independently related to ICU mortality. The study also showed that important clinical outcomes such as ICU-free days, hospital LOS, and ICU readmission were significantly improved after implementing the intensivist-directed ICU. These findings suggest that implementing an intensivist-directed ICU results in significantly improved clinical outcomes for patients admitted to a cancer center surgical ICU.
These findings are consistent with many studies that associate better outcomes with a intensivist and a higher level of intensity of ICU care [2] . According to the meta-analysis of Pronovost [2] , hospital mortality was significantly decreased in 67% of studies, and the ICU mortality rate was significantly decreased in 75% of studies. The random-effects pooled estimates of the unadjusted relative risk of hospital and ICU mortality were 0.71 (95% CI, 0.62-0.82) and 0.61 (95% CI, 0.50-0.75), respectively. The reason for the association between intensivist-directed ICU and improved clinical outcome is not fully understood. Possible explanations include the intensivists' availability and ability to prevent, recognize early, and treat life-threatening complications and to improve the compliance of evidence-based protocols [14, 15] . Several reports have also shown that intensivists reduce the ICU LOS, thereby reducing the mortality rates associated with prolonged ICU stay [2] . In this study, the surgical intensivist performed daily rounds and stayed in the ICU during the daytime, and many evidencebased practical protocols were implemented and controlled by the intensivist. These factors may be associated with improved clinical outcomes of patients admitted in the intensivistdirected ICU. In this study, implementing an intensivist-directed ICU model was associated with significantly shorter hospital LOS, more ICU-free days, and a lower rate of readmission. Decisions regarding ICU admission and discharge made by the intensivist may be related to decreasing ICU LOS and improving the overall ICU operation and bed turnover rate [16] . Although improvement of the bed turnover rate could increase readmission to the ICU because of early transfer to the general ward, in this study, both the ICU free-days and readmission rate were significantly improved after implementing an intensivistdirected ICU. This may have been due to adequate decisionmaking by the intensivist regarding the transfer of patients to the general ward combined with an improvement in the overall quality of care.
Mechanical ventilation is one of the most important ICU treatments, and the duration of mechanical ventilation is closely related to ICU LOS. In this study, however, the number of ventilator-free days was not increased after implementing an intensivist model, probably because of the typically short duration of postoperative mechanical ventilation.
The model of a high-intensity ICU managed by an intensivist is uncommon despite its many positive impacts [10, 11, 17] . In particular, implementing an intensivist is rare in smaller hospitals and surgical ICUs [10, 18] . Small hospitals may be keenly aware of the added costs of hiring intensivists, making them hesitant to implement an intensivist-directed model ICU. In a surgical ICU, the primary surgeons are usually reluctant to relinquish care of postoperative patients to another physician and prefer to provide the care themselves, thereby maintaining continuity of care [10, 19] . The intensivist of this study was a surgery-based intensivist who had the advantage of understanding surgical procedures and anatomy [20] . Furthermore, the intensivist tried to improve communication and decrease conflicts with the primary surgeon, and these efforts were essential in establishing the intensivist-directed surgical ICU. Due to the shortage of intensivists in many countries, implementing an intensivist model may not be feasible in many hospitals at this time. In Korea, board certification in critical care medicine was not approved until 2008. According to a survey of the ICU system in Korea, only 17.3% of total ICUs were managed by specialized intensivist [21] . As this shortage of intensivists makes it difficult to maintain the quality of critical care, critically ill patients may be unable to receive appropriate medical treatment. The advantages of an intensivist and the high-intensity model ICU should be recognized and used to develop novel staffing paradigms in order to provide safe and appropriate care to critically ill surgical patients [17] .
The present study has some limitations. First, because retrospective data were used, this study has an inherent bias. Although there was an inevitable selection bias due to the nature of a before and after intervention study, the clinical characteristics of patients were not different before and after implementation period. In this study, the APACHE II score was not significantly different between the two periods nor was the severity levels of the patients admitted in both periods. Second, there is the inevitable time difference inherent in a before and after intervention study, and the concurrent advances in medical knowledge, procedures, or drugs might contribute to better outcomes for the later patients. Furthermore, the experience levels of medical personnel likely increase over time. We cannot exclude the positive effects of these factors. However, there were no major treatment or policy changes implemented between the periods of the study, and the separation of study periods by only one year minimized the chance of the more recent patient population having access to higher levels of technology and medical therapeutics. Moreover, the clinical outcomes of the first half and latter half of each years was not different (data not shown), we may indirectly excluded the effect of the advances in medical practices.
In conclusion, we found that implementing an intensivistdirected surgical ICU was associated with improvements in ICU mortality and significant clinical outcomes. Despite several limitations, these data have significant practical and policy implications, and we believe that our results strongly support implementation of an intensivist-directed ICU in a surgical ICU.
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